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UX^AL RSOIST&IBUTXOII OF BLOOD UMOKR THE SFFBCT OF FIXATION 
STUBS AGAINST A BAGKGKOBND OF HYPORIMESU 


OJk. Kovalev, V.F. Lgraak, V.I. Savarovoscokova , 

S.K. SkiaraMtavakaya* 

Flxacion atraaa aay ba coaaldarad an axpariaantal nodal of ano- 
tional dlaturbanca. laaioblllsacloa of rata on a stand la aatociatad 
altb pronounoad ahifta in local blood dlacribution [4]. Howavar, tba 
affact of pravioua raatrlctlona on nobility on local radiatributiona 
of blood which raavlt fron fixation atraaa haa not baan atudiad. 

Tha Mathod of Xnvaatlgation 

Bjqparlnanta wara conductad on M>ngral nala rata of auiaa 190-230 g. 
Hypokinaaia waa craatad by placing tba aninala in tba uaual body poai- 
tion in a narrow caga nada fren organic glaaa. Vfhile tha rata wara 
kapt in tha caga, thair randon novanant waa aubatantially raatrictad 
in all diractiona. Tha duration of tha axpoaura waa 7 daya (HK-7). 

Tha rata wara kapt on nomal laboratory rationa. Food waa ranovad 
fron tha faadar for tha final 18-20 houra pfaeading tha axparinant 
but watar waa kapt in tba fountain. 

Fixation atraaa raaultad fron attaching tba aninala to tha la tha 
on thair backa for parioda fron 1 to 4 houra. Innadiataly aftar tying 
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a eatlMtar was Introduotd Into tba txtarnal jugular vain ualug a local 
anaacbacie, an O.Sl aolutlon of aovocatna. In tha eoncrol group (HK-7 
wlcLout fixation on tba ctand ) tba cathatar vaa laaartad 2-3 daya 
bafora tba axparlaant* Fouttaan rata itara uaad in aacb of tba baalc 
and tba control aarlaa. 

In ordar to study dlaturbancaa in carbohydrata axchanga which 
raault fron prolonged hypokinaala [5], wa studied several Indices of 
carbohydrata axchanga. lha concentration if lactic (LA) and pyroraean- 
Ic acid in tha blodd and thalr ratio (LA/FRA) and tha aurplua of lac- 
tate (SL) ware dataminad by generally accepted ncthods [9, 10]. 

Ihaaa indices ware studied in three additional aarlaa of axperiaMnts 
(control EK-7, fixation for 1 and 4 hours against a HK-7 background), 
each of which involved 12 rats. In studying the systenlc hynodynatalc 
Indices wa nsasured pressure in the naln carotid artery (AP) by a 
direct nathod Involving a narcury nanoaMter, the n\inbar of heart con- 
tractions (MHC), by alactrocardlogran taken in th tui -tandu. j ijud. 
the voluna of circulating blood (VCB), by culturing arychrocyte-chronl- 
un-51 and a Ibunin -Iodine -131. 

In order to record local re distributions of blood, erythrocytes 
from a rat donor which ware suirked by chrowilun-51 Isotope, and albu- 
min from human serum marked by Iodine -131 ware Introduced internally. 
The ratio of the radioactivity of the marked erythrocytes to the total 
activity of the mixture Introduced to the rat equalled the individual 
hematocrlte of the blood, found from a tail ssctlon. Tba total volume 
of the indicator mixture was 0.1 ml, its total radioactivity, approxi- 
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Mt«iy 10 aicroQi. A£'c«r wta mixing In • vascular alvaua, tha tint 
of which was aatabllahad axparlmantally for tha prascrlhad alamaat: In- 
dicator to ha 10 mlnutaa, for tha plasma Indicator 3 adnutas, the 
Internal Introduction of 0.7 nl aaturatad potassium chlorlda solution 
causad cassation of haart activity, lha corpaa was froaan at -20* C u 
for 2 hours, lha organa and tlasuas llatad in Tahla 2 wars ramovad by 
dlsaactlon. lha radioactivity of tha sampla was proportional to tha 
amount of blood. Wa analysad only tha changa in tha axporimant In ra- 
latlon to tha control, lha <^.«thod has baan daacrlhad pravloualy and 
s\d>stantlatad. In particular, wa obtainad proof of tha fact that 
changes obaarvad In local blood distribution by tl:la mathod occur during 
Ufa, dasplta tha fact that wa uaad haart stoppaga [1]. 

In analysing tha results, apart from avaltiatlng ihapprobablllty 
of dlffarancaa appearing In tha arithmetic means following Student's 
fitat criterion, wa uaad factor analysis in a modification which enables 
us to find the multidimensional nature of changes from the control to 
tha axparlmant [3]. Quantitative procasalng was dona on electronic 
computer M-222. 

of the Investigations and Discussion /121 

Changes in tha systemic bamodynamlcs indices and carbohydrate ex- 
change indices durijig fixation stress against a background of hypokine- 
sia are cbaraccarlsad by tha data presented in Table 1. The results 
obtainad allow us to note moderate hypotension during IsBobillxatlon ‘ 
for 4 hours along with an increase in LA in the blood and in the LA/ 
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XilU 1 

SOMI IIDICIS or STSHNIC WKHDmUMLGS AMO CARBOnntAll IZCaAKl 
IM MATS natlMG rUCATlOM SXIIS8 (DMOiXLlZATIOM OM A otakd) 
AaXMST A lACKOMOmU) OF SIVIM-EAT BSTFORUKSU (HK-7) 


iBVAtcltafetd Indicts 


Prstsnrs in tlM Min ssrAtAd 
artery (AP), m Mrevry 

Mvibar of haarc contractions 
(MIC) par 1 ninuta 


imAiitaatlon on a £atkia»' 

JL 



iL* 




Anount of elreulatinn blood 
(VCB), ng blood par I g Mas 

Lactic acid (lA) concentra- 
tion in blood, HMla/1 

Pyroracanic acid (F8A) con- 
cantration in tbs blAod, 
Mola/1 


Ratio of U/m 


Surplus of lactic acid 
(lactate aurplus-Sl.) , 

nMla/1 


01 ". - ^ -^ 0,001 


FRA and SL. Tbs shifts in tlM indices of carbohydrsca exchange ware 
nora pronounced during 4 hours of fixation strasa. Iba MBC, VCB 
and the FRA concantratiem in the blood did not change substantially. 
Ividantly, the data obtained indicate clear signs of Mtabolic dis- 
turbances with insignificant changes in systenie benodynasdes. 

An evaluation of relative changes in local blood distribution 
is presented in Table 2. In the "control" flow slMet wa show arith- 
Mtic Mans (M) and the nsan standard deviation (^n) of the percent 
of the voluM of circulating blood (I VCB) for a given vasculer re- 
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gion in r«C« tubjtctnd to mvob day hypokla««ia (HK-7) witho»ut ftxn- 
tlon strcft. Xa tb« "p" and flow sheets we show probable evalua- 

tion of changes in coMparlson with the control, relative to Student's 
t-crlterion and to factor I loads. The sign 'V' after the valua "p" 
and the sign 'V' of the factor load designate an increase in the relae 
tive concentration of blood, tbs sign designates a decrease. Load- 
ing factor I (f^) quantitatively characterises the interrelation, re- 
lative to this factor, in the organ or tissue with shifts in all the 
other investigated vascular regions. Factor loading is statistically 
significant 0.05) with an absolute ’ -xue greaaer than or equal to 
0.360. The weight of factor I substantially e»aeded the wei^t of 
II and subsequent factors; this indicates its decisive contribution 
to the inteiral evaluation of changes from the control to the experi- 
■ent . 

Ibe results presented in Table 2 show that fixation stress causes 
a redistribution ef circulating blood froai Che liver end several intex^ 
mil organs ija the anisMl to the lungs, skin and especially the auscular 
and bone tissue in various parts of the body. During one hour fixation /123 
stress, a f: -criterion evaluation indicated an Increase in blood in the 
adrenal g?i.ands. Evidently, the basic direction of local redistribu- 
tions of blood is detemined by a decrease in its concentration In the 
largest of the investigated sections of the blood channel, the liver. 

Oranges were basically of a similar character during iaatobilization on 
a against a HK-7 background for 1 and 4 hours. 

The local redistributions of blood described differ significantly 

f 
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from observations auide during fixation stress in rats which were not 


TABLE 2 

THE CHANGE IN THE RELATIVE BLOOD CONCENTRATION (X VCB) IN ORGANS 
AND TISSUES IN RATS DURING FIXATION STRESS (DMOBILIZATION ON A 
rwin ) against A BACKGROUND OF SEVEN-OAT HYPOKINESIA (KK-7) . 


Tit suit tnd organs 


Control 

(HK-7) 


Evtlutcion of changts during 
laBobiliBation for 



Mutclat and boats 
Brain 


Hutcitt and boats 


Mutclat and boats 

Myocardiua 

Lunge 


Abdoatn: 

51E^“ 

Muse 1st tnd boats 
Livtr 

Small Inttttlna 

Largs intt stint 

Stonacb 

Kidntys 

Adrtnal gland 

Splttn 

Psnertts 


Urinary bladder 


urinary 
Tt 8 tic It 


Musclts and boots 


Back 


irsaitiss: 


Musclts tnd boots 
Tail 


Total: 

mr 

Muscles and bones 
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TABLE 2 


" Evaliuicion of changes chirlng 

Concrol ipM?biIi«atlya for 

Tissue 8 end organs (HK-7) 1 4 hr 

Mils 

2 ^ 1 * 

Internal organs > ... 

Weight of factor 1, I 
Weight of factor 2, X 

subjected to preliminary hypokinesia. Thus, during immobilization 
of the intact animals on the * - r i on their backs for 1 hox^r, the rela- 
tive concentration of blood decreased in many of their internal organs 
(atomacb, pancreas, small and large intestines, spleen, urinary bladder, 
testicles), but it did not change in the liver. Blood concentration 
was also reduced in the muscular and bony tissues of the extremities, 
to a lesser extent in the Buscles of the abdomen and small coxa and in 
the skin of the back extremities and the chest. The percent concentra- 
tion of blood increased in the brain, the myocardltas, the lungs, the 
muscular and bony tissues of the bead, the neck and the chest. The 
fixation of intact rats on a back down, for 4 hours mas asso- 

ciated with a decrease in blood concentration in the skin, the muscul- 
ar and bony tissues (with the exception of the vascular regions of the 
head and neck, where changes were xusi^nif leant) , the internal organs, 
the stomach, the pancreas, the maall and large Intestines, the spleen, 
the urinary bladder and the testicles. The blood concentration in' 
creased in the liver, the myocardium and the lungs [4]. 

We may aasvHse that fixation stress in intact animals is associated 
with a disturbance in the sympathetic nervous system (SNS) and the hy- 
potbalamus hypophysis adrenal system (HHAS) wnich results from an in- 
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creas« in vascular tonus. In 'jhls case, fljcatlon for 1 hour is charao 
terized by nort pronounced structural effects on the capacity and 
resistive vessels of organs in the "splanchnic" region, the skeletal 
nuscles of the extreaitiea, the abdooienaaildcthe aaall coxa, the skin 
of the back extremities and the skin of the chest, as a result of which 
there is a redistribution of blood. Results of investigitions with a 
quantitative coiapariscn of neurohunoral structural vascular effects 
[6, 3] indicate the validity of this explanation. Fixation on the 
t . for 4 hours evidently strengthens the ncurohumoral vascular 
constricting effect in coaparison with isBBobilization for 1 hour, 
which results in a general considerable constriction of capacity ves** 
sels as the previous shift in the local tonus of the resistive vessels 
is maintained. The absence of changes in the blood concentration in 
the vascular regions of the head and neck and the Increase in blood 
concentration in the liver, myocardium and lungs tend precisely to 
this explanation. Evidently, the flow of blood through the portal 
vein system during fixation stress in intact animals is decreased be- 
cause of the constriction of the vessels in organa in the splanchnic 
region. Under these conditions, not only the increase in blood concen- 
tration in the liver during 4 hour fixation, but also the absence of 
changes during 1 hour fixation must be considered as a reflection of 
the arterialization of liver blood concentration. 

Prolonged hypokinesia by itself is characterized by clear uymp- 

oi oio and HHA3 disturbance [7, 11]. For this reason, the addi- 
tional effect on the organism of fixation stress against a KK-7 back- 
ground may cause exhaustion of neurohviaoral constriction ef ec;:a as 
well as local vascular expanding effects resulting from metaboric dis- 
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Curb«nc«s, th€ reflection of which wmy be the chenj^ee in the indices j 

of csrbobydrete exchange which we kuive studied. Other circuwstences 
support this explanation. In the first place, specifically in the ske- 
letal nuscles, shifts in the functional activity of which are fundasMnt- 
al during hypokinesia, the increase in the quantity of blood is very 
pronounced. In the second place, a relative reduction in the blood 
concentration is not specific to fixation stre^is against a background 
of hypokinesia. It is also observed in other effects on the organisaa 
which are accoopanied by sy^tcass of aetabolic disturbances, which nay 
exert local vascular constricting effects on the skin, skeletal hms- 

i 

cles and several internal organs [2]. | 

1 

A detailed explanation of the aechaniras of the effect of preceding / I2 j 
hypckinesla on the locel redistribution of blood, which reeults from 
fixation stress, requires further invcstigetlons. 
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